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This is a brief rebuttal to arXiv:1502.03821, which claims to provide the first observational proof
of dark matter interior to the solar circle. We point out that this result is not new, and can be
traced back at least a quarter century.
We were surprised to read the recent Letter by Iocco et
al. [1] claiming new evidence for dark matter (DM) in the
inner Milky Way. Bright spirals like the Milky Way can
often be described as maximum disks[2]: the observed
rotation velocity in the inner regions can be explained by
the observed baryons. Quantitatively, ‘inner’ here means
radii within 2.2 disc scale lengths[3], about 5 kpc in the
Milky Way[4]. While there may indeed be some DM at
small radii, the need for it only becomes clear farther out.
The innocent reader of Iocco et al. would get the im-
pression that the data require lots of DM in the inner
Milky Way. Indeed, they claim to have ‘obtained for the
first time a direct observational proof of the presence of
dark matter in the innermost part of the Milky Way’[5].
This assertion is not warranted by their analysis.
The innermost part of the Galaxy (radii < 2.5 kpc) is
not probed at all. This region is characterized by non-
circular motions due to the stellar bar[6]. Bars are the
natural consequence of disk self-gravity[7], and are sup-
pressed if there is too much DM.
Figure 2 reproduces Figure 2 of Iocco et al. on a linear
scale. We show the most precise rotation curve data[8, 9]
and their range of baryonic mass models. These accom-
modate both sub-maximal and fully maximal disk con-
figurations. The necessity of DM only becomes clear be-
yond 6 kpc, where the rotation velocity exceeds the upper
bracket of the baryonic contribution. This result is not
new, and follows for any plausible value of the circular
speed and Galactocentric distance of the Sun[10].
Iocco et al. have combined data from many different
sources, as have others[3, 4, 6, 8]. Great care must be
taken in doing this, as the differences between astronom-
ical datasets are often systematic. One cannot simply
combine them to obtain a statistically meaningful esti-
mate of the uncertainty.
Considerable confusion may stem from the use of the
term ‘inner’. The Sun’s orbit encompasses roughly 90%
of the stellar mass[4]. By this standard, we live in the
outskirts of the Galaxy. That some DM is needed interior
to the Solar circle is neither surprising nor new[10].
Note Added: Similar concerns to ours have also been
expressed by Durazo et al. [11]. Iocco et al. have replied
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FIG. 1. The Milky Way rotation curve from the receding[8] (circles) and approaching[9] (crosses) sides of the Galaxy. Mea-
surement errors are comparable to the symbol size. Differences between the two sides may stem from asymmetry in the mass
distribution (e.g., spiral arms). The bracketing baryonic mass model of Iocco et al. is shown as the grey band. Dark matter is
inferred where the observed velocity exceeds this band.
to our points above in [12]. They make three basic points.
First, they address the confusion over the meaning of
the word ‘inner.’ Apparently, to them, the Milky Way is
not the luminous band that crosses the sky, but rather
the putative dark matter halo in which it resides. Cer-
tainly we agree that these two distinct entities should not
be confused. They do use the term ‘innermost’, which
appears in the third sentence of their abstract [1]. In-
nermost, by definition, encompasses the region R → 0,
not merely R > 2.5 kpc or the ring 6 < R < 8 kpc
immediately interior to the solar circle where their anal-
ysis requires DM. For an assessment of the possible DM
content of the innermost Milky Way (R < 2.2 kpc), see
[13].
Second, they claim to have made a thorough discus-
sion of the uncertainties in the supplementary discussion.
This is true. The real issue, however, is that systematic
uncertainties dominate over random errors. The latter
may be well quantified, but the former are not. This is a
common circumstance in astronomy, as we cannot control
the conditions of the laboratory. It is simply not possible
to obtain a statistically meaningful error distribution in
the fashion presented.
Third, they mistakenly presume that we confuse DM
at the solar circle with that interior to it. It is they who
are missing a simple point. Rotation curves are approxi-
mately flat. The portion of the rotation curve that can be
attributed to stars declines at radii beyond a peak at 2.2
scale lengths of the stellar disk. This divergence requires
DM at all radii beyond the peak. Mass models [14] that
are consistent with the observed distribution of stars in-
evitably have this peak interior to the solar radius. The
need for DM interior to the sun follows directly.
Iocco et al. [12] persist in asserting that their work [1]
is novel, stating that it provides ‘the first direct observa-
tional proof of dark matter inside the solar circle.’ Yet
the need for DM interior to the solar circle was observa-
tionally demonstrated long ago. Fig. 2 reproduces Fig.
2 from a 1988 paper [15] on precisely this topic. This
early work shows that, even for a maximal disk, the need
for DM sets in around 6 kpc. This result is, in essence,
identical to that of Iocco et al.
Iocco et al. [12] imply that their ‘bracket’ of all pos-
sible Milky Way morphologies is the first ‘data-driven’
assessment of the baryonic component. But this is ex-
actly what maximum disk is: a data-driven upper limit
on the baryonic component. This data-driven assessment
appeared in the literature over a quarter century ago, so
the claim of Iocco et al. to be the first to demonstrate the
need for DM inside the solar circle is factually incorrect.
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